Cricothyroidotomy, when performed correctly, is potentially a life-saving procedure. The scenario of being unable to establish an airway by conventional means, either by bag-mask ventilation, use of supraglottic airway devices or endotracheal intubation (described as 'can't intubate, can't ventilate') may arise unexpectedly. In this situation many difficult airway algorithms suggest emergency cricothyroidotomy as the final option 1, 2 . Although this is a rare emergency, airway-skilled medical staff working in operating rooms, intensive care units and emergency departments should be able to perform the procedure quickly and effectively.
Medical staff who may encounter a 'can't intubate, can't ventilate' situation need to be familiar with the equipment available in their institutions that will allow them to perform this life-saving procedure. Although a variety of techniques have been described (surgical, needle and commercial kit-based cricothyroidotomy), there is no consensus regarding the best technique with respect to time to successfully complete the procedure, with minimal complications.
We conducted an observational, comparative bench-test in an attempt to determine the best of three techniques that were to be considered for deployment in our intensive care unit. We assessed three different techniques in terms of time to achieve a patent airway, success rate and complications.
MATERIALS AND METHODS
The study was approved by the local ethics committee. The operators were three specialist intensivists (two anaesthetically trained and one physician) and one intensive care registrar (anaesthetically trained). All the intensive care unit specialists had at least 10 years of airway management experience, including having performed Cricothyroidotomy: comparison of three different techniques on a porcine airway V. MARIAPPA*, E. STACHOWSkI †, M. BALIk ‡, P. CLARk §, V. NAyyAR** Intensive Care Unit, Westmead Hospital, Sydney, New South Wales, Australia
SUMMARy
We compared three different cricothyroidotomy techniques on a cadaveric porcine airway model to determine the most rapid, successful and safe method in emergency situations. In this observational comparative bench-test, surgical or scalpel cricothyroidotomy (ST), Cook Melker Cricothyrotomy Kit (CM) and Portex Cricothyroidotomy Kit (PCK) were evaluated. After a familiarisation program, four operators performed five procedures using each of the techniques. A dissected pig airway was housed in an airway training manikin. Time to successful completion of the procedure, complications and anatomical variations in the pig larynx were recorded.
A patent airway was established in 20 of 20 (100%) attempts with CM technique, 11 of 20 (55%) with ST and six of 20 (30%) with PCK technique. The CM technique was associated with a higher success rate (P <0.001). There was no significant difference (P=0.4) in the median time (interquartile range) taken to achieve a patent airway; CM 50 seconds (40 to 57), ST 47 seconds (41 to 55) and PCK 63 seconds (41 to 150). There was a higher rate of posterior tracheal wall injury with the PCK technique (n=11) and ST technique (n=5). No complications were observed with CM technique. There were no significant anatomical variations in the pig larynxes.
We conclude that the CM technique is safe, rapid and has a significantly higher success rate in achieving an artificial airway in this airway model. Overall, all the participants in our study preferred to use this kit in an emergency situation.
key Words: cricothyroidotomy, techniques, emergency airway access cricothyroidotomies using different techniques in Emergency Management of Severe Trauma courses and as an elective procedure on patients requiring tracheal suctioning for sputum retention. The intensive care unit registrar had 10 years of airway management experience but had not performed a cricothyroidotomy previously. Prior to the study all the operators underwent training to familiarise themselves with different techniques of cricothyroidotomy.
A silicone Portex cricothyroidotomy training manikin was used to house the dissected pig airway (larynx and trachea) that had been sourced from a local abattoir and was thawed to room temperature. The pig larynx and trachea (from 70 to 100 kg pigs) was placed within the cricothyroidotomy manikin between the deep silicone structure located in the base of the manikin and superficial layer of siliconebased 'artificial skin'. The initial version of the setup involved securing it in place with O-Tricon suture material located at the superior and inferior ends of the larynx and trachea respectively. This was later found to be unnecessary, as the tight fit of the larynx/trachea within the manikin provided the requisite stability.
The pig airway and the artificial skin were changed for each operator after every attempt. Each operator performed five procedures using each of the three techniques in a random manner. This was by a simple randomisation process wherein sealed envelopes containing a coded description of the technique were used to randomly allocate the procedure to each operator. Before the start of each procedure, all the required instruments were arranged in a manner that would allow them to be used for any technique.
The three cricothyroidotomy techniques assessed in our study were the following: surgical or scalpel technique (ST), 1.
Cook Melker (CM) cricothyroidotomy 2.
technique, Portex Cricothyroidotomy kit (PCk) technique.
3.
The scalpel technique was performed as follows: 1) Identification of the cricothyroid space followed by transverse skin incision using a number 15 scalpel blade; 2) Palpation of the cricothyroid membrane (CTM) followed by transverse incision through the CTM using the same scalpel blade; 3) Insertion of a 6.0 mm ID cuffed endotracheal tube (Portex, Blueline, Uk) with the help of a tracheal dilator or using the scalpel blade handle to keep the incision open. We advised caution to be exerted during this step to prevent injury and exposure to body fluids to the operator and the patient. A tracheal tube stylet could be used to facilitate insertion, as per the preference of the individual operator.
The CM technique was performed using the Melker uncuffed 6.0 mm ID emergency cricothyroidotomy catheter set (Cook Critical Care, Bloomington, IN, USA) ( Figure 1 ) as follows: 1) Identification of the cricothyroid space followed by transverse skin incision using the kit's scalpel blade; 2) Palpation of CTM and midline puncture using the kit's 18 g needle attached to a 5 ml syringe half-filled with saline, directed caudally; 3) Correct needle placement into the trachea was confirmed by aspirating air into the syringe, then the syringe was disconnected and the guide wire advanced through the needle in a caudal direction, following which the needle was removed leaving the guide wire in place; 4) The uncuffed Melker cricothyroidotomy tube with the dilator in situ was inserted over the guide wire into the trachea and the dilator with the guide wire were removed from the tube.
The PCk (Smiths Medical, Uk) is a new device for emergency airway access developed in conjunction with the Uk Military Special Forces. It is a preassembled, compact kit which has many components ( Figure 2 ). The device is a single unit assembly that allows a single step insertion into the trachea. As a safety mechanism, the unit has a spring-loaded locator needle with the red flag indicator within the hub, housed inside the dilator and the cricothyroidotomy tube. Once the needle has entered freely into the tracheal lumen the red indicator disappears, only to reappear if any further resistance is encountered on its path (Figure 3 ). This feature is intended to prevent damage to the posterior tracheal wall. The steps of insertion are as follows. 1) After location of the CTM as described in earlier techniques, the device is inserted perpendicularly into the trachea. 2) Correct placement into the tracheal lumen is confirmed by disappearance of the red indicator in the needle hub.
3) The device is advanced further until the red indicator reappears again, indicating contact with the posterior tracheal wall. 4) The device is then directed caudally until the red indicator disappears again, at this point it is advanced a further 1 to 2 cm and the needle is withdrawn. The cricothyroidotomy tube is then advanced further over the dilator till its full length is in through the skin incision and the dilator is removed.
In each technique, once the operator had indicated completion of the procedure, correct placement of the cricothyroidotomy tube into the trachea was confirmed by ventilation using a Laerdal Resuscitator Bag (Laerdal Medical Limited, Orpington, kent, Uk). Correct intraluminal placement was indicated by resistance-free ventilation and the free escape of air at the distal free end of the trachea. At the end of the procedure, the pig airway was exposed and dissected to assess for any complications.
After completion of the procedure the following parameters were evaluated:
Time to successful completion of the procedure, 1.
measured from the time of location of the cricothyroid space to first Laerdel bag ventilation. Entry point into the pig airway and any damage 2.
to the cricoid or thyroid cartilages, tear or perforation or laceration of the posterior tracheal wall. CTM height, cricoid cartilage width (midline and 3. transverse) and cross-sectional area of the cricoid ring, using ultrasound with the airway immersed in water, were also recorded. At the end of the bench-test each operator was asked to state his or her preferred technique.
Statistical analysis
Fisher's exact test was used to compare the success rate between the three different techniques and the relative performance of individual operators. Time to achieve successful airway access was compared using kruskal-Wallis analysis of variance and reported as median and interquartile range. Cricoid cartilage measurements were compared using analysis of variance and reported as mean and standard deviation. Logistic regression analysis was used to evaluate any interaction between cricoid measurements and success of each technique. A P value <0.05 was considered statistically significant.
RESULTS
The CM group had a significantly higher success rate (100%) when compared to the ST (55%) and PCk (30%) groups individually and combined (P=0.001, P <0.001 and P <0.001 respectively), with no significant difference in success rates between ST and PCk groups (P=0.20). There was no significant difference in the time taken to achieve a patent airway between the three techniques (P=0.41). Successful airway access was achieved in a median time of <60 seconds in the CM and ST groups and at 63 seconds in the PCk group. The entry point into the trachea was in the midline through the CTM in all the successful attempts.
Complication rates were higher in the PCk and ST groups. The most frequently encountered complication was posterior tracheal wall perforation, which was higher in the PCk group (n=11) and ST group (n=5) compared with the CM group (n=0, P <0.001 and P=0.047, respectively). The PCk group had a significantly higher number of multiple attempts (n=5) compared with the CM group (n=0, P=0.047).
There was no significant anatomical variation in CTM height (P=0.49), cricoid cartilage area (P=0.56) and width (midline P=0.82, transverse P=0.79) in the pig larynxes utilised among the three groups. We also did not find any significant influence of the anatomical variation in success or failure of any of the three techniques. There were no other statistically significant differences in terms of success rates between the four operators across the three techniques used.
DISCUSSION
The frequency with which an airway emergency is encountered in clinical practice is hard to estimate. Many factors like the location of the patient (emergency department, intensive care unit or operating room), availability of equipment and skilled assistance and individual clinicians' expertise and experience greatly influence the subjective impression of intubation difficulty. A National Recent interest in cricothyroidotomy has been kindled by the release into the market of a new cricothyroidotomy kit (PCk) designed to achieve an airway in a single step. Early experience with this new technique has indicated that its success rate is equivalent to a wire-guided technique. Benkhadra et al 5 reported a 95% success rate with the CM technique and an 80% success rate with the PCk device, when cricothyroidotomy was performed on human cadavers by two skilled anaesthetists. In a similar study, Assmann et al 6 found that the success rate was similar for both the CM and PCk techniques (93.1 vs 95%) on a manikin model.
We did not find a significant difference in the time taken to achieve a patent airway between the three techniques. In all three groups, a successful airway was achieved in approximately one minute (median, CM=50 seconds, ST=47 seconds, PCk= 63 seconds). Previous studies have reported variable insertion times. Benkhadra et al found that cricothyroidotomy by PCK technique was significantly faster when compared to CM technique (insertion time: from the incision or puncture of the skin to the inflation of the tube cuff, median 54 vs 71 seconds, P=0.01) 5 . Similarly, Assmann et al reported that the indicator-guided (PCk) technique can be performed faster than the wire-guided (CM) technique in a manikin (insertion time: from palpation of the skin to ventilation via cricothyroidotomy tube, 32.6±14.9 seconds vs 42.3±12.5 seconds, P <0.001) 6 . In a study by Vadodaria et al 10 was significantly faster (mean ± SD, 108.6±59.5 seconds vs 136.6±66.6 seconds, P <0.001) and the technique was described as safer 7 , but this conclusion should be interpreted cautiously as the study compared the 3 mm ID uncuffed catheter (Arndt Emergency Cricothyroidotomy Catheter set) in the Seldinger technique with the 5 mm ID cuffed tracheal cannula (Mallinckrodt) used in the surgical technique.
There are many factors which influence the success rate and insertion time of a cricothyroidotomy in an emergency situation. Familiarity with the device and technique, individual clinicians' experience and the model used for bench-testing are believed to be important. The use of a different type of model (porcine vs human cadaver) and at possibly different temperatures may have resulted in a different tissue feel and hence difference in the complication rate. A high success rate with CM technique in our study is comparable to earlier studies but surprisingly we could not demonstrate the same success rate and insertion time with the new PCk technique as reported by others 5, 6 . It is possible that the low success rate in our study may have been the result of lack of training and familiarity with the equipment. In fact, a mere 30% success rate with PCk technique indicates that the use of this technique in an emergency without sufficient operator experience could be dangerous. Higher success rate achieved with the PCk technique in earlier studies 5, 6 was possibly due to better training of operators to perform a cricothyroidotomy by both techniques and, in the study by Assmann et al 6 , a higher percentage of operators had previous cricothyroidotomy experience on models and patients.
One of the major findings to emerge from our study was the higher rate of complications with the PCk technique. There was a high incidence of posterior tracheal wall perforation (11/20) with the PCk device when compared to CM (0/20) and ST (5/20) techniques. This is a major concern, as the PCK device was specifically designed to be able to recognise contact with the posterior tracheal wall by the introducer needle. Operators in our study reported using a higher insertion force with the PCk device. In addition, there were multiple attempts at cannulation with this technique. We found that the straight and rigid design of the PCk device along with factors detailed above might have contributed to the high incidence of posterior tracheal complications. Complications such as submucosal and paratracheal placements were similar with both ST and PCk techniques. Previous studies have reported similar findings, with Benkhadra et al 5 reporting a significantly higher rate of complications involving the posterior tracheal wall with the PCk device than the CM device (8 vs 0, P=0.003). Assmann et al 6 reported four insertion attempts were paratracheal with the PCk device compared to none with the CM device (P=0.12).
We did not experience any complications with the CM device, though previous studies have reported kinking of the guide wire leading to failure (3.1% 6 , 7.0% 7 ), malpositioning of the device (3.8%) 6 and trauma to the posterior tracheal wall (20.0%) 10 All operators in our study preferred CM as the technique of choice for cricothyroidotomy during an emergency. All felt comfortable and were familiar with the Seldinger technique and were thus able to achieve a high success rate with minimal complications.
We acknowledge that there are a number of limitations in our study. Our study did not simulate a real-life crisis situation, wherein a high level of stress will affect performance adversely 11 . We used a porcine and artificial skin model in our study. Tissue strength and elasticity are likely to be different in a real-life situation compared to our model. Furthermore, there were no issues related to bleeding or oedema in our model. Although the anatomy of the laryngeal skeleton is broadly similar to that of the human larynx 12 , identification of landmarks could have been difficult. Each of the operators in our study were familiar with the Seldinger technique and the CM device, and had only seen the PCk technique demonstrated before the commencement of the study. Although instructions were reviewed and a number of practice runs were performed with the PCk device, it is possible that a lack of familiarity may have influenced the success rate with this device. It is acknowledged that there are many other commercially available cricothyroidotomy kits, which were not tested in our study; hence the results from our study cannot be used to draw conclusions about the other available devices.
CONCLUSIONS
Our observational bench-test found that the CM technique was highly successful in achieving a patent airway with no demonstrable airway complications. Although there was no significant difference in the insertion times amongst the three techniques, the CM technique was found to be the safest. All of our operators preferred to use this technique in an emergency situation. We believe that it is important for clinicians involved in airway management to familiarise themselves with the available equipment found in their workplaces and to train specifically to perform cricothyroidotomy quickly and safely.
